(19) 




Europiisches Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



(43) Date of publication: 

02.01.2002 Bulletin 2002/01 



(ID EP1 166 715 A2 

EUROPEAN PATENT APPLICATION 

(51) lntci7: A61B 5/0488 



(21) Application number: 01305432.5 

(22) Date of filing: 22.06.2001 



• (84) Designated Contracting States: — 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MC NL PT SE TR 
Designated Extension States: 
ALLTLVMKROSI 

(30) Priority: 29.06.2000 US 606707 

(71) Applicant: GE Marquette Medical Systems, Inc. 
Milwaukee, Wisconsin 53223 (US) 



(72) Inventors: 

• Huey, Raymond J. 

Orange, Connecticut 06477 (US) 

• Reynolds, Charles A. 

West Haven, Connecticut 06516 (US) 

• Kosturko, William Michael 
Milford, Connecticut 06460 (US) 

(74) Representative: Goode, Ian Roy 

GE LONDON PATENT OPERATION, Essex 
House, 12/13 Essex Street 
London WC2R 3AA (GB) 



(54) Uterine activity monitor and method of the same 



(57) A method and apparatus for generating a signal 
representing uterine activity. The method includes the 
acts of obtaining a uterine electromyography (EMG) sig- 
nal, and processing the uterine EMG signal to produce 



a signal representative of uterine activity (90). The ap- 
paratus includes a sensor (25) for acquiring a uterine 
electromyography (EMG) signal, and a signal processor 
(85) for generating a signal representative of uterine ac- 
tivity in response to the uterine EMG signal. 
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Description 

[0001] The invention relates to a method and appara- 
tus for generating a signal representing uterine activity, 
and particularly to a monitor for obtaining and process- 
ing a uterine electromyography signal to produce a sig- 
nal representative of uterine activity. 
[0002] Uterine activity and fetal heart rate are two pri- 
mary parameters measured in fetal monitoring during 
birth delivery. Current practice uses two methods to 
measure uterine activity. The first method is internal to 
the patient and uses an intrauterine pressure sensor 
(hereinafter referred to as a " IUP"s en sor). The IUP se n- 
sor is an invasive device that can only be used after rup- 
turing membranes. The IUP sensor produces an output 
that is a true function of uterine pressure and monitors 
contraction frequency and contraction duration. The 
second method is external to the patient and uses a toc- 
odynamometer (hereinafter referred to as 'toco"). The 
toco is a non-invasive device that is placed on the ma- 
ternal abdomen and is secured with an elastic belt or 
strap. The toco does not provide any information repre- 
sentative of uterine pressure, and is used to monitor 
contraction frequency and contraction duration. The 
output from the IUP sensor or the toco is processed by 
the fetal monitor and is printed or displayed on a uterine 
activity chart. An example uterine activity chart is shown 
in Fig. 1 where the uterine activity chart 10 displays a 
uterine activity waveform 15 resulting from a processed 
toco signal. 

[0003] Uterine contractions are the result of coordi- 
nated contractions by individual myometrial cells of the 
uterus. At the cellular level, the contractions are trig- 
gered by an action potential. The action potential is a 
voltage signal that can be measured as an electromy- 
ography (hereinafter referred to as "EMG") signal. Dur- 
ing pregnancy, cellular electrical connectivity increases 
such that the action potential propagates to produce a 
coordinated contraction involving the entire uterus. The 
action potential during a uterine contraction can be 
measured with electrodes placed on the maternal abdo- 
men resulting in a uterine EMG signal. The EMG signal 
is then processed to produce a signal that is functionally 
equivalent to a uterine activity signal created by a toco. 
The equivalent uterine activity signal provides contrac- 
tion frequency and contraction duration information. In 
addition, the EMG signal approximates at least one 
component that would be acquired by an IUP sensor. 
[0004] Accordingly, the invention provides a monitor. 
The monitor includes a sensor for acquiring a uterine 
EMG signal and a signal processor for generating a sig- 
nal representative of uterine activity in response to the 
uterine EMG signal. The signal representative of uterine 
activity indicates uterine contraction frequency and con- 
traction duration information. Additionally, the signal 
representative of uterine activity approximates a signal 
that would be acquired using either a toco or approxi- 
mates at least one component of a signal that would be 



acquired using an IUP sensor. 
[0005] In a first embodiment, the signal processor in- 
cludes a receiver that receives the uterine EMG signal 
from the sensor and generates an analog signal repre- 

5 sentative of uterine activity. The signal processor further 
includes a microprocessor electrically connected to the 
receiver for receiving the analog signal representative 
of uterine activity and converting the analog signal rep- 
resentative of uterine activity into a digital signal repre- 

10 sentative of uterine activity. The signal processor also 
includes a memory unit electrically connected to the mi- 
croprocessor for storing the digital signal representative 
of uterine act ivity. 

[0006] fn~a second embodiment, the signal processor* 

is includes a microprocessor that receives the uterine 
EMG signal and generates a signal representative of 
uterine activity. The received uterine EMG signal can be 
. a signal that is received directly from the sensor or can 
be a uterine EMG signal that has be processed by an 

20 amplifier and band-pass filter. The microprocessor in- 
cludes software to perform digital signal processing 
techniques on the received uterine EMG signal. 
[0007] The invention further provides a method of 
generating a signal representing uterine activity. The 

25 method includes the acts of obtaining a uterine EMG sig- 
nal and processing the uterine EMG signal to produce 
a signal representative of uterine activity. In a first em- 
bodiment, the act of processing this uterine EMG signal 
includes the acts of amplifying the EMG signal, filtering 

30 the EMG signal, rectifying the EMG signal to obtain a 
rectified signal, applying the rectified signal to a peak 
detector to obtain an analog signal representative of 
uterine activity, sampling the analog signal representa- 
tive of uterine activity to obtain data for a digital signal 

35 representative of uterine activity, and storing the data of 
the digital signal representative of uterine activity. In a 
second embodiment, the act of processing the uterine 
EMG signal includes the acts of sampling the uterine 
EMG signal to create a bipolar digital waveform, con- 

40 verting the bipolar digital waveform to a unipolar digital 
waveform, and time averaging the unipolar digital wave- 
form to obtain the signal representative of uterine activ- 
ity. 

[0008] The invention further provides a system for 
45 generating a signal representing uterine activity. The 
system includes a sensor for obtaining a uterine elec- 
tromyography (EMG) signal, and means for processing 
the uterine EMG signal to produce a signal representa- 
tive of uterine activity. 
50 [0009] The invention further provides a software pro- 
gram for operating a monitor. The monitor includes a 
sensorfor acquiring a uterine electromyography (EMG) 
signal and a microprocessor for executing the software 
program. The software program operates the monitor 
55 by sampling the uterine EMG signal to obtain a bipolar 
digital waveform, and processing the sample uterine 
EMG signal to produce a signal representative of uterine 
activity. 
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[0010] Embodiments of the invention will now be de- 
scribed, by way of example, with reference to the ac- 
companying drawings, in which: 

Fig. 1 is a chart displaying a typical uterine activity 5 
waveform resulting from a toco sensor. 

Fig. 2 is a schematic representation of a monitor 
embodying the invention. 

10 

Fig. 3 is a chart displaying a "raw" uterine EMG sig- 
nal. 
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eludes a receiver 95 that receives the uterine EMG sig- 
nal from the sensor 25 and generates an analog signal 
representative of uterine activity. The receiver includes 
an amplifier and band-pass filter 100, a full-wave peak 
rectifier 1 05 electrically connected to the amplifier and 
band-pass filter 1 00, and a peak detector 1 1 0 electrically 
connected to the full wave rectifier 105. 
[001 5] The signal process 85 further includes a micro- 
processor 1 1 5 electrically connected to the receiver 85. 
The microprocessor 115 receives the analog signal rep- 
resentative of uterine activity and converts the analog 
signal into a digital signal representative of uterine ac- 
tivity. The sig nal processor 85 further includesjnternal_ 
memory 120 electrically connected to the microproces- 
sor 1 1 5. If only an analog signal representative of uterine 
activity is desired, then the microprocessor 115 and in- 
ternal memory 120 are not required. Furthermore, the 
signal processor 85 can further include addition circuitry 
(not shown) to perform additional fetal monitoring pa- 
rameters (e.g., fetal heart rate). 
[0016] As shown in Fig. 2, output units 125, 130, 135 
and 1 40 are connected to the central unit 35 at commu- 
nication ports 55, 60, 65 and 70. The output units include 
a printer 1 25, a video display unit 130, a storage device 
135 (e.g., magnetic disc drive, read/write CD-ROM, 
etc.), and a server 140 or other processing unit (e.g., a 
personal computer). The server 1 40 is connected via a 
distributed network 145. Of course, other output units 
can be attached or the output units (e.g., the visual dis- 
play unit 1 30) can be incorporated within the central unit 
35. Additionally, not all of the output units are required 
for operation of the monitor. 

[0017] In operation, the electrodes 30 of the sensor 
25 are connected to a patient (not shown). The elec- 
trodes 30 obtain a raw uterine EMG signal 27 (Fig. 3) 
that is transmitted to the signal processor 85 of the con- 
trol unit 45 via interface cable 40. Upon receiving the 
raw EMG signal from the sensor 25, the signal proces- 
sor 85 processes the signal to create a signal represent- 
ative of uterine activity. The resulting signal represent- 
ative of uterine activity can be stored in internal memory 
123, printed by the printer 125, displayed on the visual 
display unit 130, stored in storage device 135, and/or 
provided by communication link 145 to another compu- 
ter or server 140. The signal representative of uterine 
activity is displayed or printed on a uterine activity chart 
87 as an equivalent uterine activity waveform 90 as 
shown in Fig. 4. The equivalent uterine activity wave- 
form 90 is representative of a typical uterine activity 
waveform 15 (Fig. 1) generated by a toco or is repre- 
sentative of at least one component of a typical uterine 
activity waveform (not shown) generated by a IUP sen- 
sor. 

[0018] Forthe embodiment shown in Fig. 2, the signal 
processor 85 processes the raw uterine EMG signal 22 
by first providing the signal to the receiver 95. Upon re- 
ceiving the raw uterine EMG signal 22, the receiver 95 
generates an analog signal representative of uterine ac- 



Fig. 4 is a chart displaying an equivalent uterine ac- 
tivity waveform. 

Fig. 5 is a schematic representation of a monitor 
embodying the invention. 

[0011] Shown in Fig. 2 of the drawings is a monitor 20 
embodying the invention. In general terms, the monitor 
20 includes a sensor 25, a central processing unit 35, 
and output' units 125, 130, 135 and/or 140. The sensor 
25 acquires a "raw" uterine electromyography (EMG) 
signal 27 (Fig. 3) from a patient (not shown). The sensor 
25 includes one or more pairs of electrodes 30 that are 
placed on the patient's (i.e., the mother's) abdomen (not 
shown); The electrodes 30 generate action potentials 
that are measured differentially across the one or more 
pairs of electrodes 30 resulting in the raw uterine EMG 
signal 27. Additional driven or passive electrodes (not 
shown) may be placed on the patient to establish a ref- 
erence potential on the patient or to cancel out unwant- 
ed common mode signals and noise. The electrodes 30 
include lead wires (not shown) that connect to an inter- 
face cable 40. The interface cable 40 allows for trans- 
mission of the raw uterine EMG signal 27 from the elec- 
trodes 30 to the central processing unit 35. The interface 
cable 40 is preferably a passive cable between the elec- 
trodes 30 and the central unit 35. Alternatively, the cable 
may contain active circuitry (not shown) for amplifying 
and/or combining lead signals. 
[0012] The central processing unit 35 has a housing 
45. The housing 45 includes communication ports 50, 
55, 60, 65 and 70. Additional communication ports can 
be added as needed. 

[0013] The central unit 35 includes a signal processor 
85 or means for generating a signal representative of 
uterine activity in response to the uterine EMG signal. 
The signal processor 85 receives the raw uterine EMG 
signal from the sensor 25 and processes the uterine 
EMG signal into a signal representative of uterine activ- 
ity. The signal representative of uterine activity is printed 
or displayed on a uterine activity chart 87 (Fig. 4) as an 
equivalent uterine activity waveform 90 (Fig. 4). The 
equivalent uterine activity waveform 90 is equivalent to 
the typical uterine activity waveform 1 0 (Fig. 1). 
[0014] As shown in Fig. 2, the signal processor 85 in- 
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tivity. This is accomplished by first providing the ac- 
quired raw uterine EMG signal to the amplifier and band- 
pass, filter 100 to create a processed uterine EMG sig- 
nal. Amplifying and filtering the raw uterine EMG signal 
distinguishes the EMG signal from other biological sig- 
nals and noise sources. After amplifying and filtering the 
raw EMG signal, the processed EMG signal is provided 
to the full-wave rectifier 1 05. The full-wave rectifier 1 05 
inverts the negative portion of the processed EMG sig- 
nal resulting in a rectified signal. The rectified signal is 
then applied to the peak detector 1 1 0. The peak detector 
1 1 0 generates a peak value signal having the peak val- 
ues o f the rectified signal. The generated peak .value sig- 
nal is the analog signal representative of uterine activity. 
[0019] The signal processor 85 shown in Fig. 2 further 
processes the EMG signal by creating a digital signal 
representative of uterine activity from the analog signal 
representative of uterine activity. To create the digital 
signal representative of uterine activity, the peak value 
signal is provided to the microprocessor 115. The micro- 
processor 115 receives the peak value signal and sam- 
ples the peak value signal. After sampling the peak val- 
ue signal, the microprocessor 115 temporarily holds or 
stores the sampled signal in internal memory 120. As 
the signal is being sampled or after the signal has fin- 
ished being sampled, the microprocessor 1 1 5 scales the 
data for displaying, printing, storing or transmitting the 
sampled signal. The microprocessor 115 scales the 
sampled data to a scale that is comparable to a typical 
uterine activity chart 10. In other words, by scaling the 
sampled data, the scaled data, when displayed, ap- 
pears to a user to approximate a typical uterine activity 
waveform. After the data has been scaled, the resulting 
scaled data can be printed in hardcopy by the printer 
135, displayed on the visual display unit 130, stored in 
the storage device 135, or provided to the server 140 
via the distributed network 145. The resulting scaled da- 
ta provides a digital signal that, when viewed by an op- 
erator (e.g:, on a visual display), is substantially equiv- 
alent to the uterine activity waveform 90 as shown in 
Fig. 4. 

[0020] Fig. 5 illustrates a monitor 200, which is an al- 
ternative embodiment of the invention. Like parts are 
identified using like reference numerals. As shown in 
Fig. 5, the signal processor 85 includes a microproces- 
sor 122 and internal memory 123. In this embodiment, 
the microprocessor 122 receives a uterine EMG signal 
and generates a signal representative of uterine activity. 
The received uterine EMG signal can be either the raw 
uterine EMG signal 27 from the electrodes 30 or can be 
a processed uterine EMG signal resulting from an am- 
plifier and filter (not shown). Upon receiving the uterine 
EMG signal, the microprocessor 122 executes digital 
processing software that processes the received EMG 
signal resulting in the signal representative of uterine 
activity. 

[0021] For the embodiment shown in Fig. 5, the signal 
processor 85 processes the raw EMG signal 27 by first 



providing the signal to microprocessor 122 (assuming 
an amplifier and filter is not present). The microproces- 
sor 122 samples the raw EMG signal for digital signal 
processing and stores the sampled data in internal 

5 memory 1 23. When executingthe digital signal process- 
ing software, the microprocessor 1 22 first digitally filters 
the raw EMG signal 27 from other biological signals and 
noise sources. The filtering of the EMG signals is ac- 
complished by spectral analysis techniques, wavelet 

10 analysis techniques, recognition of EMG wave charac- 
teristics, and/or cross signal verification techniques. 
[0022] If the signal processor 85 shown in Fig. 5 In- 
cludes an amplifier and filter (not shown), then the raw 
EMG signal 27 is first provided to the amplifier and filter. 

15 The amplifier and filter performs the same function as 
the amplifier and filter 100 of Fig. 2 resulting in a proc- 
essed uterine EMG signal. The processed uterine EMG 
signal is then provided to the microprocessor 1 23 where 
the microprocessor 123 samples the processed signal 

20 for digital signal processing. 

[0023] Once the raw uterine EMG signal has been 
amplified and filtered, the microprocessor 122 process- 
es the signal to produce an equivalent uterine activity 
waveform 90. One possible digital signal processing 

25 technique performs a bipolar to unipolar conversion 
(similarto rectifier 1 05) and a time averaging of the con- 
verted waveform with adjustments made to the present- 
ed uterine contraction intensity based on signal charac- 
teristics (similar to the peak detector 110). The micro- 

30 processor 122 then scales the data to a scale that is 
comparable to a typical uterine activity chart 10. After 
the data has been scaled, the resulting signal can be 
printed in hardcopy by the printer 1 35, displayed on the 
visual display unit 130, stored in the storage device 135 

35 or provided to the server 1 40 via the distributed network 
145. 

[0024] For completeness, various aspects of the in- 
vention are set out in the following numbered clauses: 

40 1 , A method of generating a signal representing 
uterine activity (90), the method comprising: 

obtaining a uterine electromyography (EMG) 
signal (27); and 
45 processing the uterine EMG signal (27) to pro- 

duce a signal representative of uterine activity 
(90). 

2. A method as set forth in clause 1 , wherein the 
so signal representative of uterine activity 90 indicates 

uterine contraction duration. 

3. A method as set forth in clause 1 , wherein the 
signal representative of uterine activity (90) indi- 

55 cates uterine contraction frequency. 

4. A method as set forth in clause 1 , wherein the 
signal representative of uterine activity (90) approx- 
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imates at least one component of a signal that 
would be acquired using an intra-uterine pressure 
sensor. 

5. A method as set forth in clause 1 , wherein the 5 
signal representative of uterine activity (90) approx- 
imates a signal that would be acquired using a toc- 
odynomometer. 

6. A method as set forth in clause 1 , wherein the act io 
of processing the uterine EMG signal (27) compris- 
es the acts of: 



"amplifying the uterine EMG signal (27); and 
filtering the uterine EMG signal (27). 

7. A method as set forth in clause 1 , wherein the act 
of processing the uterine EMG signal (27) further 
comprises the acts of: 



scaling the data of the digital signal represent- 
ative of uterine activity (90); and 
displaying the digital signal representative of 
uterine activity (90). 

1 0. A method as set forth in clause 1 , wherein the 
act of processing the uterine EMG signal (27) com- 
prises the acts of: 



15 



20 



rectifying the uterine EMG signal (27) to obtain 
a rectified signal; and 

applying the rectified signal to a peak detector 
(110) to obtain an analog signal representative 
of uterine activity. 25 

8. A method as set forth in clause 7, wherein the act 
of processing the uterine EMG signal (27) further 
comprises the acts of: 

30 

sampling the analog signal representative of 
uterine activity to obtain data for a digital signal 
representative of uterine activity (90); and 
storing the data of the digital signal represent- 
ative of uterine activity (90). 35 

9. A method as set forth in clause 8, wherein the act 
of processing the uterine EMG signal (27) further 
comprises the acts of: 



40 



45 



act of processing the uterine EMG signal (27) fur- 
ther comprises the acts of: 

scaling the signal representative of uterine ac- 
tivity (90); and 

storing the signal representative of uterine ac- 
tivity (90). 

12. A monitor (20) comprising: 

a sensor (25) for acquiring a uterine electromy- 
ography (EMG) signal (27); and 
a signal processor (85) for generating a signal 



representative of uterine activity (90) in re- 
sponse to the uterine EMG signal (27). 

1 3. A monitor (20) as set forth in clause 1 2, wherein 
the signal representative of uterine activity (90) in- 
dicates uterine contraction duration. 

14. A monitor (20) as set forth in clause 12, wherein 
the signal representative of uterine activity (90) in- 
dicates uterine contraction frequency. 

15. A monitor (20) as set forth in clause 12, wherein 
the signal representative of uterine activity (90) ap- 
proximates at least one component of a signal that 
would be acquired using an intrauterine pressure 
sensor. 

1 6. A monitor (20) as set forth in clause 1 2, wherein 
the signal representative of uterine activity (90) ap- 
proximates a signal that would be acquired using a 
tocodynomometer. 

17. A monitor (20) as set forth in clause 12, wherein 
the signal processor (85) comprises: 

a receiver that receives the uterine EMG signal 
(27) from the sensor (25) and generates an an- 
alog signal representative of uterine activity. 

1 8. A monitor (20) as set forth in clause 1 7, wherein 
the receiver comprises: 

an amplifier and filter (100) for amplifying and 
filtering the received uterine EMG signal (27) to 
generate a processed uterine EMG signal (27). 



sampling the uterine EMG signal (27) to create so 
a bipolar digital waveform; 
converting the bipolar digital waveform to a un- 
ipolar digital waveform; and 
time averaging the unipolar digital waveform to 
obtain the signal representative of uterine ac- 55 
tivity (90). 

1 1 . A method as set forth in clause 1 0, wherein the 



1 9. A monitor (20) as set forth in clause 1 8, wherein 
the receiver further comprises: 

a full wave rectifier (1 05) electrically connected 
to the amplifier and filter (100), the full wave 
rectifier (105) rectifies the processed uterine 
EMG signal (27) from the amplifier and filter 
(100) to generate a rectified signal; and 
a peak detector (110) electrically connected to 
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the full wave rectifier (105) for generating a 
peak value signal having the peak values of the 
rectified signal, the generated peak value sig- 
nal is the analog signal representative of uter- 
ine activity. 5 

20. A monitor (20) as set forth in clause 1 7, wherein 
the signal processor (85) further comprises: 

a microprocessor (115) electrically connected 10 
to the receiver for receiving the analog signal 
representative of uterine activity and convert- 
ing the analog signal representative of uterine 
^tivity"lntb~a^igital^ignal representatively ~~ 
uterine activity (90); and 15 
a memory unit (120) electrically connected to 
the microprocessor (115) for storing the digital 
signal representative of uterine activity (90). 

21 . A monitor (20) as set forth In clause 1 2, wherein 20 
the signal processor (85) further comprises: 

a microprocessor (122) that receives the uter- 
ine EMG signal (27) and generates a signal rep- 
resentative of uterine activity (90); and 25 
a memory unit (123) electrically connected to 
the microprocessor (122) for storing the signal 
representative of uterine activity (90). 

22. A monitor (20) as set forth in clause 1 2, wherein 30 
the signal processor (85) further comprises: 

an amplifier and filter (100) for amplifying and 
filtering the received uterine EMG signal (27) to 
generate a processed uterine EMG signal (27); 35 
a microprocessor (115) that receives the proc- 
essed uterine EMG signal (27) and generates 
the signal representative of uterine activity (90) ; 
and 

a memory unit (120) electrically connected to *o 
the microprocessor (115) for storing the signal 
representative of uterine activity (90). 

23. A system for generating a signal representing 
uterine activity (20), the system comprising: 45 

a sensor (25) for obtaining a uterine electromy- 
. ography (EMG) signal (27); and 
means for processing the uterine EMG signal 
to produce a signal representative of uterine ac- 50 
tlvity (90). 

24. A system (20) as set forth in clause 23, wherein 
the signal representative of uterine activity (90) in- 
dicates uterine contraction duration. 55 

25. A system (20) as set forth in clause 23, wherein 
the signal representative of uterine activity (90) in- 



dicates uterine contraction frequency. 

26. A system (20) as set forth in clause 23, wherein 
the signal representative of uterine activity (90) ap- 
proximates at least one component of a signal that 
would be acquired using an intra-uterine pressure 
sensor. 

27. A system (20) as set forth in clause 23, wherein 
the signal representative of uterine activity (90) ap- 
proximates a signal that would be acquired using a 
tocodynomometer. 



~28TA system (20) as set forth" itTclause23i i therein" 
the means for processing the uterine EMG signal 
comprises: 

means for generating an analog signal repre- 
sentative of uterine activity in response to a re- 
ceived uterine EMG signal (27). 

29. A system (20) as set forth in clause 28, wherein 
the means for processing the uterine EMG signal 
comprises: 

means for converting the analog signal repre- 
sentative of uterine activity to a digital signal 
representative of uterine activity (90); and 
means for storing the digital representative sig- 
nal. 

30. A software program for operating a monitor (20), 
the monitor (20) including a sensor (25) for acquir- 
ing a uterine electromyography (EMG) signal (27) 
and a microprocessor (115) for executing the soft- 
ware program, the software program operating the 
monitor (20) by: 

sampling the uterine EMG signal (27) to obtain 
a bipolar digital waveform; and 
processing the uterine EMG signal (27) to pro- 
duce a signal representative of uterine activity 
(90). 

31. A software program as set forth in clause 30, 
wherein the signal representative of uterine activity 
(90) indicates uterine contraction duration. 

32. A software program as set forth in clause 30, 
wherein the signal representative of uterine activity 
(90) indicates uterine contraction frequency. 

33. A software program as set forth in clause 30, 
wherein the signal representative of uterine activity 
(90) approximates at least one component of a sig- 
nal that would be acquired using an intra-uterine 
pressure sensor. 
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34. A software program as set forth in clause 30, 
wherein the signal representative of uterine activity 
(90) approximates a signal that would be acquired 
using a tocodynomometer. 

35. A software program as set forth in clause 30, 
wherein the act of processing the uterine EMG sig- 
nal (27) further comprises the acts of: 



converting the bipolar digital waveform to a un- 
ipolar digital waveform; and 
time averaging the unipolar digital waveform to 
obtain the signal representative of uterine ac- 
tivity (90)7" ■ 



10 
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36. A method of generating a signal representing 
uterine activity (90), the method comprising: 

obtaining a uterine electromyography (EMG) 

signal (27); 20 

amplifying the EMG signal; 

filtering the EMG signal; 

rectifying the EMG signal to obtain a rectified 

signal; 

applying the rectified signal to a peak detector 25 
(110) to obtain an analog signal representative 
of uterine activity; 

sampling the analog signal representative of 
uterine activity to obtain data for a digital rep- 
resentative signal; 30 
scaling the data of the digital signal represent- 
ative of uterine activity (90); and 
displaying the digital signal representative of 
uterine activity (90). 

35 

37. A method as set forth in clause 36, wherein the 
signal representative of uterine activity (90) approx-r 
imates at least one component of a signal that 
would be acquired using an intrauterine pressure 
sensor. *o 



(27) and generating an analog signal repre- 
sentative of uterine activity, 
a microprocessor (115) electrically connected 
to the receiver for receiving the analog signal 
representative of uterine and converting the an- 
alog signal representative of uterine activity in- 
to a digital signal representative of uterine ac- 
tivity (90), and 

a memory unit (120) electrically connected to 
the microprocessor (115) for storing the digital 
signal representative of uterine activity (90). 

40. A monitor (20) as set forth in clause 39, wherein 



the receiver comprises: 

an amplifier and filter (100) for amplifying and 
filtering the received uterine EMG signal (27); 
a full wave rectifier (1 05) electrically connected 
to the amplifier and filter (100), the full wave 
rectifier (1 05) rectifies the resultant signal from 
the amplifier and filter (100) to generate a rec- 
tified signal; and 

a peak detector (110) electrically connected to 
the full wave rectifier (105) for generating a 
peak value signal having the peak values of the 
rectified signal, the generated peak value sig- 
nal is the analog signal representative of uter- 
ine activity. 

41 . A monitor (20) as set forth in clause 40, wherein 
the signal representative of uterine activity (90) ap- 
proximates at least one component of a signal that 
would be acquired using an intrauterine pressure 
sensor. 

42. A monitor (20) as set forth in clause 40, wherein 
the signal representative of uterine activity (90) ap- 
proximates a signal that would be acquired using a 
tocodynomometer. 



38. A method as set forth in clause 36, wherein the Claims 
signal representative of uterine activity (90) approx- 
imates a signal that would be acquired using a toc- 
odynomometer. 45 



A method of generating a signal representing uter- 
ine activity (90), the method comprising: 



39. A monitor (20) comprising: 

a sensor (25) for acquiring a uterine electromy- 
ography (EMG) signal (27); and 50 
a signal processor (85) for generating a signal 
representative of uterine activity (90) in re- 
sponse to the uterine EMG signal (27), the sig- 
nal representative of uterine activity (90) indi- 
cates uterine contraction duration and uterine 55 
contraction frequency, the signal processor 
(85) comprises; 

a receiver for receiving the uterine EMG signal 



obtaining a uterine electromyography (EMG) 
signal (27); and 

processing the uterine EMG signal (27) to pro- 
duce a signal representative of uterine activity 
(90). 

2. A method as set forth in claim 1 , wherein the signal 
representative of uterine activity 90 indicates uter- 
ine contraction duration or uterine contraction fre- 
quency. 

3. A method as set forth in claim 1 , wherein the act of 
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processing the uterine EMG signal (27) further com- 
prises the acts of: 

rectifying the uterine EMG signal (27) to obtain 
a rectified signal; 

applying the rectified signal to a peak detector 
(110) to obtain an analog signal representative 
of uterine activity; 

sampling the analog signal representative of 
uterine activity to obtain data for a digital signal 
* representative of uterine activity (90); 

storing the data of the digital signal represent- 
ative of uterine activity (90); 
£ggjj n g the data 5f*th(B digital signal represent- 
ative of uterine activity (90); and 
displaying the digital signal representative of 
uterine activity (90). 

4. A monitor (20) comprising: 

a sensor (25) for acquiring a uterine electromy- 
ography (EMG) signal (27); and 
a signal processor (85) for generating a signal 
representative of uterine activity (90) in re- 
sponse to the uterine EMG signal (27). 

5. A monitor (20) as set forth in claim 4, wherein the 
signal processor (85) further comprises: 

an amplifier and fitter (100) for amplifying and 
filtering the received uterine EMG signal (27) to 
generate a processed uterine EMG signal (27); 
a microprocessor (115) that receives the proc- 
essed uterine EMG signal (27) and generates 
the signal representative of uterine activity (90); 
and 

a memory unit (120) electrically connected to 
the microprocessor (115) for storing the signal 
representative of uterine activity (90). 

6. A system for generating a signal representing uter- 
ine activity (20), the system comprising: 

a sensor (25) for obtaining a uterine electromy- 
ography (EMG) signal (27); and 
means for processing the uterine EMG signal 
to produce a signal representative of uterine ac- 
tivity (90). 

7. A software program for operating a monitor (20) , the 
monitor (20) including a sensor (25) for acquiring a 
uterine electromyography (EMG) signal (27) and a 
microprocessor (115) for executing the software 
program, the software program operating the mon- 
itor (20) by: 

sampling the uterine EMG signal (27) to obtain 
a bipolar digital waveform; and 



processing the uterine EMG signal (27) to pro- 
duce a signal representative of uterine activity 
(90). 

5 8. A method of generating a signal representing uter- 
ine activity (90), the method comprising: 

obtaining a uterine electromyography (EMG) 
signal (27); 
10 amplifying the EMG signal; 

filtering the EMG signal; 
rectifying the EMG signal to obtain a rectified 
signal; 

appiyingthe rectified~signl] to a peakdetector 
15 (1 1 0) to obtain an analog signal representative 

of uterine activity; 

sampling the analog signal representative of 
uterine activity to obtain data for a digital rep- 
resentative signal; 

scaling the data of the digital signal represent- 
ative of uterine activity (90); and 
displaying the digital signal representative of 
uterine activity (90). 

9. A monitor (20) comprising: 

a sensor (25) for acquiring a uterine electromy- 
ography (EMG) signal (27); and 
a signal processor (85) for generating a signal 
representative of uterine activity (90) in re- 
sponse to the uterine EMG signal (27), the sig- 
nal representative of uterine activity (90) indi- 
cates uterine contraction duration and uterine 
contraction frequency, the signal processor 
(85) comprises; 

a receiver for receiving the uterine EMG signal 
(27) and generating an analog signal repre- 
sentative of uterine activity, 
a microprocessor (115) electrically connected 
to the receiver for receiving the analog signal 
representative of uterine and converting the an- 
alog signal representative of uterine activity in- 
to a digital signal representative of uterine ac- 
tivity (90), and 

a memory unit (120) electrically connected to 
the microprocessor (115) for storing the digital 
signal representative of uterine activity (90). 

10. A monitor (20) as set forth in claim 9, wherein the 
receiver comprises: 

an amplifier and filter (100) for amplifying and 
filtering the received uterine EMG signal (27); 
a full wave rectifier (1 05) electrically connected 
to the amplifier and filter (100), the full wave 
rectifier (1 05) rectifies the resuttant signal from 
the amplifier and filter (1 00) to generate a rec- 
tified signal; and 
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apeak detector (110) electrically connected to 
the full wave rectifier (105) for generating a 
peak value signal having the peak values of the 
rectified signal, the generated peak value sig- 
nal is the analog signal representative of uter- 5 
ine activity. 
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